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AHAJIN3A ITPOTUIIAJA 1 BEPOBATHORE IIOJABE MAJIMX U BEJIMKHUX
BOJIA HA 3JI0TCKOJ PEIIH

Nparana Muaujamesuh Jokcumouh!”
Teorpadcku nacTHTYT ,,JoBan [Bujuh“ CAHY, beorpan, Cpbuja

Caskerak: 3moTcka peka je yeBa n Hajseha mpuroka Llpror Tumoka. M3Bupe Ha nctounnM magumHama Bemmkor Kpma
Ha Kyuajy. ¥V pamy je cTaTHCTHYKOM aHANIHW30M oApeheH cpeamu TOAUIIkY MPOTHIA], CPEIHEe Majle BOJC M CPEAbEe Be-
JUKE BOJIE HA XUAPOIOMKOM Tpoduiy 310T Ha 31moTckoj per y nepuoxy 1981-2015. roqune. Ha ocHOBY HaBeneHHX
rmojiaTaka MpolemheHa je BepoBaTHoNa MM0jaBe MUHUMAITHUX M MakcuMainHuX nportumaja o 0.01 % mo 99.9 %. 3a mpo-
padyH BepoBaTHONE MOjaBe MUHIMATHUX U MaKCUMAaJHUX TOAWIIEL-HIX MpoTHIaja KopumiheHa je Pearson I1I pacnoxena.
Koedunujentn Bapujanyje MakCUMaTHIX 1 MAHUMAIHUX TOAWIIEBLUX IPOTHIAja 3a 3I0TCKY PEKy yKa3yjy Ha 3HadajHO
Kojebame MPOTHIAja HAa XUAPOIOMKOM Tpoduiy 3:10T. JloOujeHn pe3ynTaTu IpeacTaBibajy OCHOBY 3a Oymyha xuapo-
JIOIIKA UCTPAKUBAHA M BOJONPUBPEIHO TUIAHUPALE Y CIUBY.
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YBOA

3noTcka peka je yiea u Hajeha mpuroka Lp-
Hor Tumoxka (ciuB Jlynasa). 3Bupe Ha UCTOUHUM
naguHama Bemuxor Kpma wa Kydajy. V momem
TOKy Teue MCTOUHMM NomgHoKjeM Kydaja. 3morcka
pexka ce ynuBa y Llpau Tumok oko 5 km uctouno of
Cympakoniia, Ha 183 m H. B. [dyxwuHa Toka je 30.5
km, a moBpumna cmmBa 279 km? JlecHa crpana
CIIMBA MMa pa3BHjEHU]y PEUHY MPEXY ILTO yKasyje
Ha acuMetpuyaH ciuB (Mumjamesuh, 2014). Xu-
JPOJIONIKA CTaHWIA 370T paau ox 1973. rogune, a
IEeHa yIajbeHoCT of1 yirha peke je 13.5 km ca xo-
ToM ,,0° ocMarpama Ha 252.5 m H. B.

VY pany je onpehen cpemmy ronuImBy MPOTHI)],
CpEIIEhe MaJie BOJIE M CPEIIEbE BEJTMKE BOJIC M HA OCHO-
BY THX TO/IaTaKa MPOIICH-EHA je BepoBaTHONA TI0jaBe
MHUHHAMAJTHUX 1 MAKCHMAJTHUX TTPOTHUIIA]a.

VY XuApornonKkuM npoydaBambuMa jeiad off Haj-
BOKHHJUX 33/1aTaKa j€ MpOIIeHa BEJTIMIUHE TIPOTHUIIAja
Y BOZIOCTaja KOju ce y OyayhHOCTH MOTy OYeKHBATH
Ha HEKOM XHIPOJIOIIKOM MPOQHITY, 2 Ha OCHOBY TIpO-
THIAja Koju ¢y ce Beh mporomumm. CTarucTidka aHa-
JI3a BepOBaTHONE T10jaBe KapaKTePUCTHIHUX TIPOTH-
11aja Ha pekama Omria je mpeMeT MHOTHX XUIPOJIOII-
Kux npoydaBama (Basso et al., 2015; Blagojevi¢ et
al., 2014; Bolgov & Korobkina, 2013; ['aBproBuh,
1988; Zhang et al., 2017; Katz et al., 2002; Jlerrae-
uteH, 2019; Mapruh bypcah et al., 2016; Munmjare-
Buh, 2014; Saidi et al., 2020; Yporues et al., 2017).

AHanm3a y4ecTaroCcTH MUHIMAJIHUX W MaKCH-
MaJIHUX TPOTHUIIaja U MOIUIaBa je o nomohu npu
JIOHOIICHY OIUTyKa O M3BOhCHY XUIPOTEXHHIKHX
pazoBa Kao WITO Cy: HACHITH, KaHAJM, W3TPajIba
Opana, ocurypame odaa u ap.

Bermike Bozie cy mocieaunIia moBoika, OHOC-
HO HaIJIOT W3/1M3amha BOJA0CTaja v oBehame poTu-
naja. OCHOBHHM y3pOIIM HACTAHKA BEJIMKHUX BOJIA HA
pekama Cy MHTEH3HMBHE U JTyTOTpajHe MaJJaBUHE Koje
0p30 popMupajy OTHIIA] Ca CIMBHOT MOPYYja, Kao
1 Ham1o Torubere cHera (Jlemmuemen, 2019). Mory
Jla TIpEACTaB/bajy BEIMKU NpoOJeM 3a Hacesba,
MOJHOTIPUBPENTY, WHAYCTpH]y U caoOpahajHuile.
3Hauaj Mpoy4vaBama BEIMKUAX BOJA JICKU Y YHEHE-
HHUIIM J1a TTOTUIABE IIIMPOM CBETa MU3a3WBajy BEITHKY
MarepujajHy IITeTy, HEPETKO ca JBYJICKAM JKPTBa-
Ma. 3allITHTa KBAIUTETA BOA U FFIXOBO PAllOHAII-
HO KopuITheme Cy Mo/l BEIMKUM yTHUIIAjeM PeKuMa
MaJIX BOJa PEYHMX TOKOBA. AHaIM3a MAJIMX BOIA
Ba)KHA j€ U 3a MPABIUIIHO TUMEH3UOHHUPAHE PA3HUX
XHUIPOTEXHUYKHUX O0jeKara.
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INTRODUCTION

Zlotska River is the left and largest tributary of
Crni Timok River (Danube basin). It springs on the
eastern slopes of the Veliki Kr§ Mountain in Kucaj.
In its lower course, it flows along the eastern foot-
hills of Kucaj. The Zlotska River flows into the Crni
Timok about 5 km east of Sumrakovac, at 183 m
above sea level. The length of the stream is 30.5 km,
and the basin area is 279 km?’. The right side of the
basin has a more developed river network, which in-
dicates an asymmetric basin (Munmjamesuh, 2014).
The Zlot hydrological station has been operating
since 1973, and its distance from the mouth of the
river is 13.5 km with the observation elevation “0”
at 252.5 m above sea level.

The paper determined the mean annual flow,
low water levels and high water levels, and based
on these data, the probability of minimum and max-
imum flow was estimated.

In hydrological studies, one of the most im-
portant tasks is to estimate the amount of flow and
water level that can be expected in the future on a
hydrological profile, based on the flows that have al-
ready occurred. Statistical analysis of the probability
of occurrence of characteristic flows on rivers has
been the subject of many hydrological studies (Bas-
so et al., 2015; Blagojevi¢ et al., 2014; Bolgov &
Korobkina, 2013; I'aBpunosuh, 1988; Zhang et al.,
2017; Katz et al., 2002; Jlemraemren, 2019; Mapruh
bypcah et al., 2016; Munujamesuh, 2014; Saidi et
al., 2020; Ypomes et al., 2017).

The analysis of the frequency of minimum and
maximum flows and floods is helpful when making
decisions on the execution of hydrotechnical works
such as: embankments, canals, construction of dams,
bank protection, etc.

High water levels are the result of floods, i.e. a
sudden rise in the water level and an increase in flow.
The main causes of the occurrence of high water lev-
els on rivers are intense and long-term precipitation
that quickly forms runoff from the catchment area,
as well as sudden melting of snow (Jlemrueren,
2019). They can be a big problem for settlements,
agriculture, industry and roads. The importance of
studying high water levels lies in the fact that floods
around the world cause great material damage, of-
ten with human casualties. The protection of water
quality and their rational use are greatly influenced
by the low water levels regime of river courses. The
analysis of low water levels is also important for the
correct dimensioning of various hydrotechnical fa-
cilities.
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[ub pana je na ce y3 momoh mocrojehux
nojlaTaka 0 MaKCUMaJIHUM U MHHUMAJIHUM TO-
JUIIBUM NpoTHliajuMa y nepuony 1981-2015.
TOAWHE OJIpe/ie BEpOBaTHONE IOjaBe HUCTUX O]
0.01 % 1o 99.9 %. Pesynratu he omoryhurtu
00Jby TpOILIEHYy H3y3eTHUX Jnorahaja y HHIbY
OoJber ynpaBsbamkba BUMa U 60pOe MPOTUB HH-
XOBUX yTHIaja. llpoyuaBame KapaKTepUCTHKA
pPEYHOT peXHMMa, MAJIUX U BEJIMKHX BOJA, TO-
pen TeopHjcKe, UMa W MPAKTUYHY BPETHOCT 3a
XHUPOJIOIIKA HNCTPAKUBamka U BOIOIPUBPEIHO
TUTAaHUPAE Y CITUBY.

MATEPUJAJIN U METOIE

[onam o npoTrIajy Ha XUAPOJIOLIKOM POHU-
ny 350t Ha 350TCKOj per y nepuony 1981-2015.
romuHe (AOCTYMHU y TyOnukaiuju PemyOmmukor
xuzapomereopoomkor 3asofa Cpouje Xuoponow-
KU 200UUFAK — NOBPUILHCKE 600€) aHAIN3Upa-
HH Cy Y BUJly TIPOCEUHMX MECEUHUX U TOIUILIEHUX
BPEIHOCTH, a BEJMKE U Mase Boje oOpalheHe cy u
y BHIY BepoBarHOhAa, MPUMEHOM CTATUCTHUKHX
MeTona U oAroBapajyhux pacrnonena. Kapakrepuc-
THKE PeKUMa IMPUKa3aHe Cy M KOMEHTAapHUCaHE Y
BTy TabenapHux U rpaduukux npunora. Ha ocHo-
By TOJIaTaka O €KCTPEMHUM IPOTHUIajuMa ypaheHna
je mporHo3a o0e30ehema Boje y pekama. 3a mpo-
THO3y 00e30ehema peke BooM KopHIheH je Me-
TOJI CepHja, TMOro/iaH 3a ofpehuBame BepoBarHohe
T0jaBJbUBaba Opel)eHOT XUIPOJIOIKOT €JIeMEHTa
(BomocTaja, MpOTHILIdja U CI1.). 3a U3paLy KpUBE Uec-
THHE BEJIMKHUX M MaJTNX Bojia KopuiiiheHa je Pearson
¢yskumja 111 tuma. ITocroju Behun 6poj dyHkumMja
pacroziena Koje ce KOpHCTe 3a U3padyHaBarmhe BEpo-
BarHOh€ T0jaBe MaJIMX, BEJIMKUX U CPEIbUX BOJIA,
am je decto y ynorpebu Pearson III pacnonena
(T"'aBpumoBuh, 1988; Gao et al., 2019; HBokwuh, 2015;
Doki¢ et al., 2015; Munmjamesuh, 2010, 2014; Sun
et al., 2018; Chen et al., 2019). OBa ¢yHkumja je
TIOTO/THA 32 TIPUMEHY jep je onmpeleHa camo ca Ba
napamerpa (ako ce u3y3mMe MOIYITHH KOS(HIIN]EHT)
— KOe(HILMJEeHTOM Bapujauuje U KoedUIMjeHTOM
acumetpuje (I'aBpunouh, 1988). YcBojen pede-
PEHTHH TIPOTHIIAj, OJHOCHO TPOCEYHU MECCUHH
Y TONUIIGY TPOTHIIAj, TIPOCEYHa BENMKa BOIa U
MpoceyHa Maja Boja, ofpeheHu cy Ha OCHOBY 00-
paze Hu3a of 35 roarHa OCMaTpamka, MITO j& BUIIE
o1 IocTaBsbeHOT Kpureprjyma (N > 25) 3a npume-
Hy Pearson Il pacnionene (Institution of Water and

Environmental Management, 1987; Puctuh et al.,
2009).

The goal of the work, with the help of ex-
isting data on maximum and minimum annual
flows in the 1981-2015 periods, is to determine
the probability of their occurrence from 0.01
% to 99.9 %. The results will enable a better
assessment of exceptional events in order to
better manage them and mitigate their impacts.
The study of the characteristics of the river re-
gime, low and high water levels, in addition to
theoretical, has practical value for hydrological
research and water management planning in the
basin.

DATA AND METHODS

Flow data on the Zlot hydrological profile
on the Zlotska River in the period from 1981
to 2015 (available in the publication of the Re-
public Hydrometeorological Institute of Serbia
Hydrological Yearbook — Surface Waters) were
analyzed in the form of average monthly and an-
nual values, and high and low water levels were
also processed in the form of probabilities, using
statistical methods and appropriate distributions.
The characteristics are shown and commented
in the tabular and graphical form. Based on data
on extreme flows, a forecast of water supply in
rivers was made. The series method, suitable for
determining the probability of the occurrence of
a certain hydrological element (water level, flow,
etc.), was used for forecasting the supply of water
to the river. The Pearson function of type III was
used to create the curves of the high and low water
level fractions. There are a number of distribution
functions that are used to calculate the probabil-
ity of the occurrence of low, high and medium
water levels, but the Pearson III distribution is
mostly used (I'aBpunosuh, 1988; Gao et al., 2019;
Boxuh, 2015; Doki¢ et al., 2015; Munujamesuh,
2010, 2014; Sun et al., 2018; Chen et al., 2019).
This function is suitable for application because it
is determined by only two parameters (if the mod-
ulus coefficient is excluded) — coefficient of vari-
ation and coefficient of asymmetry (I"'aBpuioBuh,
1988). The adopted reference flow, i.e. the aver-
age monthly and annual flow, average high water
and average low water, were determined based on
the processing of a series of 35 years of obser-
vation, which is greater than the set criterion (N
> 25) for the application of the Pearson III dis-
tribution (Institution of Water and Environmental
Management, 1987; Puctuh et al., 2009).
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PE3VIITATU 1 AUCKYCUJA

CraTucTUyKa aHAIM3a CpeaAmuX BOJAA

Ha ocHoBy momaraka o mpoTHiajy 3IIOTCKE
peke y nepuony 1981-2015. romune, u3pauyHati
Cy CpeIIbl MECEUHH U TOMIIIEHH TIPOTHLIAJU Ha XU-
nporomikoM poduny 310T. CpemherouIIT1 MPo-
THIIA] Y aHAJTM3UPAHOM Tiepromy je 2.85 m¥/s. Xu-
JIPOTpaM CPE/TEETOMIIIHHX ITPOTHIIAja Ha 3II0TCKO]
pet ipukazas je Ha Cn. 1. Ha ocHOBY mera Moxe-
MO 33KJbYUHTH /12 j€ MUHUMAJIHU CPE/HETOUIIEHH
npotuiaj 3abenexen 1992. roqure (1.20 m’/s), a
makcumatau 2014. romuse (5.39 m¥/s).

RESULTS AND DISCUSSION

Statistical Analysis of Medium Water Levels

Based on data on the flow of the Zlotska
River in the 1981-2015 periods, mean monthly
and annual flows on the Zlot hydrological profile
were calculated. The average annual flow in the
analyzed period is 2.85 m*/s. The hydrogram of
the mean annual flows on the Zlotska River is
shown in Fig. 1. Based on it, we can conclude
that the minimum mean annual flow recorded
in 1992 (1.20 m%s), and the maximum in 2014
(5.39 m¥/s).

Cn. 1. Cpenmwe roauiimbe BpeAHOCTH MPOTHIIAja 3I0TCKE PEKe Ha XUAPOJIOMIKOM Ipoduiy 310t
y nepuoay 1981-2015. ronune (1ipBeHu cTyOOBH) U CPEIH-U TOAUIIBLY MPOTHIA] 32 UCTTUTUBAHU
nepuon (TuiaBa JIMHU]A)

Fig. 1. Mean annual flow values of the Zlotska River on the hydrological profile of Zlot for the
1981-2015 periods (red columns) and the mean annual flow for the examined period (blue line)

Bpeme jaBibama HAjBHLIMX U HajHIKAX
CPEbeMECCUHNX NPOTHIAja Ha 3II0TCKO] pely
HCTOBETHO je KpeTamy npotuniaja Ha Lipuom Tu-
MoKy (Munmjauresuh, 2014). Hajmamu cpenbe-
MeCeYHH MpoTuilaj je y aBrycty (0.49 m’/s), a
najeehu y anpuity (8.37 m¥/s). V TOKy JIeTHHX U
jecemnX Mecelr HajMama KOJMYMHA T1aJlaBUHA
y ciuBy LlpHor Tumoka u 3110TCKe peke je y me-
puoay ox aBrycra a0 oktobpa (Munmjamesuh,
2014), wro ycnossbaa Aa Ce HajMAmbU IPOTU-
uaju jasbajy y aBrycry. Ha Hajsuum nporuuaj y
MapTy M anpuily yTHuYe Clopuje U KacHHUje oTa-
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The time of occurrence of the highest and
lowest mean monthly flows on the Zlotska Riv-
er is identical to the flows on the Crni Timok
(MunujammeBuh, 2014). The lowest average
monthly flow is in August (0.49 m’/s), and the
highest in April (8.37 m%s). During the summer
and autumn months, the lowest amount of pre-
cipitation in the Crni Timok and Zlotska River
basin is in the period from August to October
(Munujameuh, 2014), which means that the
lowest flows occur in August. The highest flow
in March and April is affected by the slower and
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Nambe CHEXXHOT MOKpUBaya y HajBUILUM JI€JIOBU-
Ma Kydajckux riaHuHa. AMIUTUTYIE TPOTHIIaja
NOKa3yjy Jla jé MaKCUMAaJIHU CPEIHheMECCUHH
nportuilaj Behu on MmuanmanHor 14.5 myTa.

CrarucTuyka aHajan3a Majnux Boda

PexxuM manux BOma KapaKTEpHINy HajHH-
Ke cpefmeMecedne Bpennoctu y aprycty (0.23
m’/s), a HajBumie y anpuiy (3.02 m*/s) (Ci. 2).
ATICOTyTHO MUHUMAJTHH MPOTHUILIA] KO 3710Ta pe-
ructpoBaH je 06. aBrycra 2013. ronuHe u U3HO-
cuo je 0 m*/s (CyBO pe4HO KOPHUTO).

later melting of the snow cover in the highest
parts of the Ku¢aj Mountains. Flow amplitudes
show that the maximum mean monthly flow is
14.5 times higher than the minimum.

Statistical Analysis of Low Water Levels

The low water level regime is characterized
by the lowest mean monthly values in August
(0.23 m?¥/s), and the highest in April (3.02 m?/s)
(Fig. 2). The absolute minimum flow at Zlot was
registered on August 6, 2013, and it was 0 m?/s
(dry river bed).

Cn. 2. Benuke (Qmax), cpeame (Qsr) u mane (Qmin) Bojge 310TCKe peke Ha XUAPOJIOIIKOM
npoduny 3not y nepuony 1981-2015. roqune
Fig. 2. High (Qmax), medium (Qsr) and low (Qmin) water levels of the Zlotska River on the
hydrological profile Zlot for the 1981-2015 periods

Jla Ou ce KoHCTpymcalia KpuBa BepoBarHohe
TI0jaBe MaJIMX Bozia 31I0TCKe peKe Koj 3710Ta Ouo je
noTpeOHO onpenuTu cieaehe BeTMIUHE: TIPOCEUHH
MHUHUMAITHH TIpOoTHIIaj (Qsr.min), MOTyITHH Koe(u-
umjeHt (ks), koepuumjent Bapujarmje (Cv) u koe-
¢ummjent acumerpuje (Cs). Kopucrehu momarke
3a iepuos of1 35 roquna (1981-2015) nobujene cy
cnenehe BpeIHOCTH HaBeAEHUX Mapamerapa: QSr.
min=0.18 m’/s; Cv=0.795; Cs=1.64. Bpennoctu
MOJIYITHOT Koe(HIjeHTa cy nprukazane y Tao. 1.

Ha ocHOBy oBMX mapamerapa MPUCTYITUIIO Ce
M3padyHaBamy IOaTaKa 3a M3pajy caMme KpHBE.
W3padynare cy BepoBaTHE Mayie BOIE ca pasiiv-
YUTUM [IEPUOIOM T10jaBJbUBAHA, OJHOCHO Ca pas-
mmautoMm BepoBarHohom (Ta0. 1) u mpukaszane cy
rpaguyku KpUBOM BepoBarHOhe TI0jaBJbHBAHA
muHUMaTHAX Tipotunaja (Co. 3). Tlogamm u3 Tab.

In order to construct the probability curve of
the occurrence of low water levels of the Zlotska
River near Zlot, it was necessary to determine the
following quantities: average minimum flow (Qsr.
min), module coefficient (ks), variation coefficient
(Cv) and asymmetry coefficient (Cs). Using data
for a period of 35 years (1981-2015), the following
values of the mentioned parameters were obtained:
Qsr.min=0.18 m’/s; Cv=0.795; Cs=1.64. The values
of the modulus coefficient are shown in Tab. 1.

Based on these parameters, the calculation
of the data for the creation of the curve itself was
started. Probable low water levels with different pe-
riods of occurrence, i.e. with different probability,
were calculated (Tab. 1) and shown graphically by
the probability curve of occurrence of minimum
flows (Fig. 3). The data from Tab. 1 show that on
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Tab. 1. [TapameTpu 3a U3pauyHaBame KpruBe 00e30elhera MUHUMAIHUX TOIUIIBLUX TPOTHIIAjA U U3-
payyHaTH BEpOBAaTHU MUHUMAJIHU MIPOTULA) 37I0TCKE peKe Ko 3710Ta
Tab. 1. Parameters for calculating the minimum annual flow assurance curve and the calculated
probable minimum flow of the Zlotska River near Zlot

Beposarnoha 'y % / BepOBaTHOh;/l y
Probaobility Eﬁﬁ:ﬁi\ﬁy %) O-Cv ks=0 - Cv +1 Q min

n % in years
0.01 10000 7.42 5.92 6.92 1.25
0.1 1000 5.44 4.34 5.34 0.96
1 100 3.42 2.73 3.73 0.67
3 333 2.43 1.94 2.94 0.53
5 20 1.96 1.57 2.57 0.46
10 10 1.32 1.05 2.05 0.37
20 5 0.67 0.53 1.53 0.28
25 4 0.45 0.36 1.36 0.24
30 35 0.27 0.22 1.22 0.22
50 2 -0.26 -0.21 0.79 0.14
60 1.6 -0.46 -0.37 0.63 0.11
70 1.42 -0.64 -0.51 0.49 0.09
75 1.33 -0.72 -0.57 0.43 0.08
80 1.25 -0.81 -0.65 0.35 0.06
90 1.11 -0.98 -0.78 0.22 0.04
95 1.05 -1.08 -0.86 0.14 0.02
99 1.01 -1.17 -0.93 0.07 0.01
99.9 1 -1.20 -0.96 0.04 0.01

Hamomena: @ — Onctyname opanHaTe OMHOMHUHAIHE aCHMETPUYHE KpruBe 00e30eheHocTr (yaecTanocT) o cpeaune (o7
1.0) mpu Cv=1.0; Cv — koedunujeHT Bapujaiuje; ks — MomyaHu KoeuIjeHT opauHare; Qmin — BEpOBaTHU MUHUMATTHU
MPOTHUIIA].

Note: @ — Deviation of the ordinate of the binomial asymmetric assurance (frequency) curve from the mean (from 1.0) at
Cv=1.0; Cv — coefficient of variation; ks — module coefficient of the ordinate; Qmin — probable minimum flow.
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Cn. 3. Kpua BepoBaTHOhe 1ojaBibuBamba MUHUMAJIHAX MPOTHUIIAja 3II0TCKE PeKe Ha XUPOJIOIIKOM
npoduity 35101
Fig. 3. Probability curve of occurrence of minimum flows of the Zlotska River on the Zlot
hydrological profile
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1 mokazyjy 1a ce Ha 37I0TCKOj pelu Kof 3710Ta MOTy
ouekuBaTu yBek Majsie Bozie usnan 0.01 m’/s (Bpen-
HOCT KOja OJIroBapa BepoBaTHONM M0jaBJbUBAbA O]
99.9 %). Jemnom y 100 roguHa MOXe c€ OUYEKHBa-
TH MHHMMAJIHU TOIMIILH TpoTuifaj of 0.67 m’/s.
INojaBa ManmMx BOZA YMja je BPEIXHOCT Mama of |
m’ je yecTa, ca BepOBaTHONOM HempeBasiIakeha
o 0.1-99.9 %. OBakaB pexuM MajMX BOAA MOXKE
7la TOBEJIE JI0 3HATHHUX IPO0IIeMa y BOIOTIPUBPEIH,
HAPOUYHTO TOKOM JIETH-UX MECEIH.

CraTrucTruka aHajn3a BEITUKUX BOJa

Hajsehe cpenmemeceuHe BpeaTHOCTH BEJH-
KUX BOJIa jaBJbajy ce y Mapty (20.38 m¥/s), a Haj-
Mame y aBrycty (2.28 m?/s) (Ca. 2). Ilponehne
BEJIMKE BOJIE HACTAJy yCJIe] OTalama CHETa KOjU
Ce y TOKY 3MM€ HaroMHjao y 3HAaTHUM KOJIH-
YMHaMa, HApOYMTO Y IMJIAHWHCKOM JIeNy CIIUBA.
ATICOTyTHO HajBUIIM MPOTHUIIA] HA OBOj XUAPO-
JIOMIKO] CTAHWIIM Y aHAJM3UPAHOM TIEPUOAIY pe-
ructpoBat je 31. jyna 2014. ronuHe U U3HOCHO
je 78.6 m’/s. OnHoc HajMame u HajBehe cpenme-
MeceuHe Benuke Boje je 1:16.2, mro ykaszyje na
je y mpoceKky Bapupame BeTUKuX Boma Behe ox
Bapupama Manux Boaa. [1o pacmonoxuBum mo-
JanyuMa, MaKCUMaJHHU TOTUIIGU MPOTHIAJU Ha
3no0Tckoj penu Hajuenrhe ce jaBibajy y MapTy (40
% ciydajeBa) u y anpuiy (22.9 % cnydajeBa),
a motoM y (ebpyapy, neueMOpy U HOBeMOpy. Y
aBI'yCTy M OKTOOpY MaKCHUMAJIHH TOUIIBU TPO-
TUIAJU HUCY HUjeTHOM 3a0€NeKEeHH.

[Ipema mpeTXoAHUM TOAANMA AMILTUTYIA
EKCTPEMHHX BPEIHOCTH y 370Ty je 78.6 m’/s.
OnHoc m3Mely MakCMMaJHUX M MHMHUMAJIHUX
MPOTHIIaja MoKa3yjy aa 31MoTcka peka uma Oyju-
YHE OJTHKE.

Bpennoctr BepoBaTHUX BETMKUX BOJA 310T-
CKE peKe aHaIM3UPaHH Cy UCTOM METOIOM Kao U
BPEIHOCTH BEpOBaTHUX Maiux Boma. Onpehenn
cy cnenehm mapameTpu: MPOCEYHN MaKCHMAaTHH
npotunaj Qsr.max.=29.28 m’/s, koeduiujeHT
Bapujarmje Cv=0.538 u koeduuujeHT acume-
tpuje Cs=0.976. Ha ocHOBY m3padyHaTHX Mapa-
MeTapa MPHUCTYINIO Ce M3padyyHaBamy MojiaTaKa
3a u3pany came kpuse (Ta0. 2).

Ha ocnoBy kpuBe BepoBaTHOhe 1ojaBbHBamba
MaKCHMAaJTHUX TPOTHIAja Ha 370TCKO] pely KOJ
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the Zlotska River near Zlot, you can always expect
low water levels above 0.01 m?/s (a value that cor-
responds to a probability of occurrence of 99.9 %).
Once in 100 years, a minimum annual flow of 0.67
m?/s can be expected. The occurrence of low water
levels whose value is less than 1 m® is frequent, with
a probability of not exceeding 0.1-99.9 %. This re-
gime of low water level can lead to significant prob-
lems in water management, especially during the
summer months.

Statistical Analysis of High Water Levels

The highest average monthly values of high
water levels occur in March (20.38 m?/s), and the
lowest in August (2.28 m*/s) (Fig. 2). High spring
waters are caused by the melting of snow that ac-
cumulated in considerable quantities during the
winter, especially in the mountainous part of the
basin. The absolute highest flow at this hydrolog-
ical station in the analyzed period was registered
on July 31, 2014 and it was 78.6 m?/s. The ratio
of the smallest and largest mean monthly high
water level is 1:16.2, which indicates that, on av-
erage, the variation of high water level is greater
than the variation of low water level. According
to the available data, the maximum annual flows
on the Zlotska River most often occur in March
(40 % of cases) and April (22.9 % of cases), and
then in February, December and November. In
August and October, the maximum annual flows
were never recorded.

According to the previous data, the ampli-
tude of extreme values in Zlot is 78.6 m’/s. The
relationship between the maximum and mini-
mum flows shows that the Zlotska River has tor-
rential characteristics.

The values of probable high waters of the
Zlotska Reka were analyzed using the same
method as the values of probable low water lev-
els. The following parameters were determined:
average maximum flow Qsr.max=29.28 m’/s,
coefficient of variation Cv=0.538 and coefficient
of asymmetry Cs=0.976. Based on the calculat-
ed parameters, the calculation of the data for the
creation of the curve itself was started (Tab. 2).

Based on the maximum flow probability
curve on the Zlotska River near Zlot (Fig. 4), it
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Tab. 2. [TapameTpu 3a U3pauyHaBame KpruBe 00e30ehera MaKCHMaIHUX TOIUIIBLUX TPOTHIIAjA U U3-
payyHaTH BEpOBAaTHU MAaKCUMAJIHM MIPOTULA] 3710TCKE peKe KoJ 3710Ta
Tab. 2. Parameters for calculating the maximum annual flow assurance curve and the calculated

probable maximum flow of the Zlotska River near Zlot

Beposaruoha 'y % / BePOBaTHOh;l y
Probability ;‘;ﬂ‘g’;@fﬁy @ @-Cv | ks=@-Cv+l | Qmax
in % in years
0.01 10000 5.96 3.21 421 123.17
0.1 1000 4.53 2.44 3.44 100.64
1 100 3.02 1.62 2.62 76.85
3 333 2.25 1.21 2.21 64.72
5 20 1.88 1.01 2.01 58.89
10 10 1.34 0.72 1.72 50.39
20 5 0.76 0.41 1.41 41.25
25 4 0.55 0.30 1.30 37.94
30 35 0.38 0.20 1.20 35.27
50 2 -0.16 -0.09 0.91 26.76
60 1.6 -0.39 -0.21 0.79 23.14
70 1.42 -0.62 -0.33 0.67 19.51
75 1.33 -0.73 -0.39 0.61 17.78
80 1.25 -0.85 -0.46 0.54 15.89
90 1.11 -1.13 -0.61 0.39 11.48
95 1.05 -1.32 -0.71 0.29 8.49
99 1.01 -1.59 -0.86 0.14 423
99.9 1 -1.79 -0.96 0.04 1.08

Hamomena: @ — Oncryname opanHaTe OMHOMHUHAIHE aCHMETPUYHE KpruBe 00e30eheHocTr (yaecTanocTu) o cpeaune (o7
1.0) mpu Cv=1.0; Cv — xoedunmjeHT Bapujaryje; ks — MogyaHu KoeuImjeHT opanHare; Qmin — BepoBaTHH MaKCHMAITHU
MIPOTHIIA].

Note: @ — Deviation of the ordinate of the binomial asymmetric assurance (frequency) curve from the mean (from 1.0) at
Cv=1.0; Cv — coefficient of variation; ks — module coefficient of the ordinate; Qmin — probable maximum flow.
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Cx. 4. Kpua BepoBarHohe 1MojaB/bHBamba MaKCUMAJTHHUX MPOTHIIAja 370TCKE PeKe Ha XUAPOIIOIIKOM
npoduiry 310T
Fig. 4. Probability curve of occurrence of maximum flows of the Zlotska River on the Zlot
hydrological profile
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3nora (Cn. 4) 3ak/bydyje ce Jla ce CBaKe TOJMHE
MOK€ OUEKUBATH MaKCUMAaJIHU TIPOTHIIAj ca BEpO-
BarHohoMm 99.9 % on 1.08 m?/s, a jemHom y 100
roguHa o7 76.85 m’/s. ANICOIyTHO MaKCUMaJHU
NPOTHUIIA] KOjU je y 31moTy peructposat 31. jyma
2014. ronune on 78.6 m*/s mo oBoj BepoBarHOhM
jaBJspa ce jenHoM y Herro Bume of 100 roguHa.

3AKJBYUAK

Ha ocHOBy mnojaraka o mpoTHIajy 3I0TCKe
peke Ha mpoduny 3mot y nepuomy 1981-2015.
ronuHe ofpeheH je cpenmeMeceuHu U cpenme-
TOIUINGY TPOTUIAj. Benuumna mpoTumaja Ha
3JI0TCKO] peld y 3aBUCHOCTH j€ O]l pacrojele
najiaBuHa, BpeMEHa OTamnama CHera W HcIapa-
Bama. [IpoceuyHa BpemHOCT CpEAErOIUIIHET
nporumaja je 2.85 m¥/s. Hajmamu cpenmemecey-
HU npoTHLaj je y aBrycry (0.49 m?/s), a najBehn
y anpuiy (8.37 m’/s). AMIUIMTYy1a TpOTHUIIAja
MoKazyje Ja je MaKCUMaJHU CpPeIHEeMECEUHU
npotunaj Behu o MuHEMaiHOT 14.5 myTa, mTo
yKa3yje Ha HeyjeJHa4deH PeXHuM IMpoTuiiaja. Pe-
KUM MalliX BOJIa jeTHAK j& PEKUMY CPEIEHHX
BOJIa M KapaKTEpHILy I'a HajHIKE CpellbeMecey-
He BpeaHocT y aBrycty (0.23 m’/s), a HajBuiie
y anpuiy (3.02 m¥/s). Hajsehe cpenmemeceune
BPEIHOCTH BEJIUKUX BOJA JaBJbajy CE€ y Mapry
(20.38 m¥/s), a HajMame y aBrycry (2.28 m'/s).
MakcuMalTHi TOIUIIBLY TIPOTUIAJU HA 37TOTCKO]
peuu Hajuemihe ce jaBipajy y mMapty (40 % ciy-
gajeBa) u y anpuiy (22.9 % ciydajeBa), a y aB-
TYCTy M OKTOOpY HHCY HHUjEeIHOM 3a0eJIe)KCHH.
AMIUIUTY/Ia €KCTPEMHUX BPEIHOCTU Yy 370TY je
78.6 m’/s. OnHoc mu3Mel)y mMakcuMamHUX ¥ MU-
HUMAJITHUX TIPOTHUIIAja MTOKa3yjy Ja 3710TCKa peka
uMa OyjudHe OJITHKE.

VYpahena je mporunoza ob6e3bdehema Bome y
peny u 100MjeHN Cy MaKCUMaTHU ¥ MUHUMAaTHU
poTHLaju 3a BepoBarHohe nojase o1 0.01 % 1o
99.9 %. Ha ocHOBy n00MjeHUX pe3ynraTa KOH-
CTpPYHCaHa je KprBa BepoBaTHONE I10jaBJhbHBaAbHA
MaJIMX U BEJIMKHUX BOJIA 3a XUAPOJIOMIKH PO
310T Ha 3J70TCKOj pelr. 3aKJby4eHO je Ja ce Ha
aHAJIM3UPAHOM TPO(PHITY MOXKE OUEKHBATH MaK-
CHMaJIHM TIpOTHUIdj ca BepoBaTHOhom 50 % on
26.76 m*/s. Mane Bozie ce MOT'Y OYCKHBATH CBaKe
roxuHe Ha 310TcKoj penn uznan 0.01 m*/s (Bpen-

is concluded that every year the maximum flow
can be expected with a probability of 99.9 % of
1.08 m*/s, and once in 100 years of 76.85 m’/s.
The absolute maximum flow registered in Zlot
on July 31, 2014 of 78.6 m?/s according to this
probability occurs once in a little more than 100
years.

CONCLUSION

Based on data on the flow of the Zlotska riv-
er on the Zlot profile in the 1981-2015 periods
the mean monthly and mean annual flows were
determined. The amount of flow on the Zlotska
River depends on the distribution of precipita-
tion, time of snow melting and evaporation. The
average value of the mean annual flow is 2.85
m?/s. The lowest average monthly flow is in Au-
gust (0.49 m’/s), and the highest in April (8.37
m?/s). The flow amplitude shows that the max-
imum mean monthly flow is 14.5 times higher
than the minimum, which indicates a non-uni-
form flow regime. The regime of low water lev-
els is equal to the regime of medium waters and
is characterized by the lowest average monthly
values in August (0.23 m?/s), and the highest in
April (3.02 m¥/s). The highest average monthly
values of high water level occur in March (20.38
m?/s), and the lowest in August (2.28 m?/s). The
maximum annual flows on the Zlotska River
most often occur in March (40 % of cases) and
April (22.9 % of cases), and in August and Octo-
ber they were not recorded even once. The am-
plitude of the extreme values in Zlot is 78.6 m*/s.
The ratio between the maximum and minimum
flows shows that the Zlotska River has torrential
characteristics.

A forecast of water supply in rivers was
made and maximum and minimum flows were
obtained for probabilities of occurrence from
0.01 % to 99.9 %. Based on the obtained results,
a probability curve of the occurrence of low and
high water level was constructed for the Zlot hy-
drological profile on the Zlotska River. It was
concluded that the maximum flow with a proba-
bility of 50 % of 26.76 m’/s can be expected on
the analyzed profile. Low waters can be expect-
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HOCT KOja OIr0OBapa BEepOBAaTHONHM TOjaBJbHBaAA
o1 99.9 %). Koepunujent Bapujauuje MakcH-
MaJHHUX TONUIIKBUX MpoTtunaja uznocu 0.538,
a Koe(UIMjeHT Bapujalyje MUHUMAIHUX TO-
mummbuX npotunaja je 0.795, mro ykasyje Ha
3HATHY TPOMEHJHHBOCT TOJUIIBLUX MaKCHMaJ-
HUX U MUHHMAJIHUX MpoTuiaja. OBakaB pekxuM
MaJIMX M BEJIMKUX BOJa MOYKE Jia JIOBEJIE JI0 3HAT-
HUX Mpo0sieMa y BOAOIPUBPEIH.

ed every year on the Zlotska River above 0.01
m’/s (a value corresponding to a probability of
occurrence of 99.9 %). The coefficient of varia-
tion of maximum annual flows is 0.538, and the
coefficient of variation of minimum annual flows
1s 0.795, which indicates considerable variability
of annual maximum and minimum flows. This
regime of low and high water levels can lead to
significant problems in water management.
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